Critical Issues for Formaldehyde Cancer
Risk Assessment
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Formaldehyde is One of the Oldest

Chemicals in the World
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Carcinogenesis Bioassays

* ClIT/Battelle studies in rats and mice
— 12 month sacrifice/interim report

— 18 month data published in Cancer
Research (Swenberg ,et al 1980)

— Final report and Cancer Research
paper on the study (Kerns, et al.
1983)

* CIHT expanded the exposure range and
mechanistic designs in a second
bioassay published in Cancer Research
(Monticello, et al, 1996)

* Subsequent cancer bioassays
— Inhalation studies

— Oral studies
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Tumor Incidence (%)

70

Tumor Incidence and Cell Proliferation in Rats

Exposed to Formaldehyde
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Early Mode of Action Studies

» Cytotoxicity and cell proliferation studies

— Cell proliferation is a key factor in converting DNA
damage to mutations

* Minute volume studies comparing rats and mice

* DNA-protein cross-link quantitation

— Careful assays based on physical chemistry were
conducted in rats and primates

— Demonstrated nonlinear exposure relationships

— Did not find any accumulation in multiple day
exposures
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Recent Molecular Mode of Action Studies

Formaldehyde is very reactive with proteins and DNA, leading
to diverse protein adducts and DNA damage.

Fate and metabolism of formaldehyde

endogenous exogenous
sources sources
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Formaldehyde Specific DNA Adducts
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Formaldehyde-induced N?-hydroxymethyl-dG adducts in
rats exposed to 10 ppm Formaldehyde for 1 or 5 days

Nose

1 day Lung
Liver

Spleen
Bone Marrow
Thymus
Blood

Nose
5 day Lung
Liver

Spleen
Bone Marrow
Thymus
Blood

1284+ 049
nd
nd

nd
nd
nd
nd

243 +078
nhd
nd

hd
nd
nd
nd

26340 /3
2.39+0.16
2.66 + 0.53

2.35£0.31
1.056+£0.14
2.19+0.36
128 £0.38

2.84+113
2.61+0.35
3.24+042

235+ 0 59
1171030
1.99 £ 0.30
1102028
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Dosimetry of N2-hydroxymethyl-dG
Adducts in Nasal Epithelium of Rats

4.9 adducts/
1047 dG

0.7+02 003840019 362+133 &

3000000-

9.0 adducts/
107 4G

10 2.0+0.1 0.19+0.08 6.09£3.03 4**

1000005

LT

500000

i 5805  1.04+024 551+1.06 4
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500000

15 ppm Rat NE 15.242 .1 11.15+3.01 4244092 5

*4-6 rats combined
** 2 rats combined
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Ratio of Exogenous to Endogenous
Adducts
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Non-Human Primate Study

« 13CD,0 Exposure for 2 days
(6 hours/day) at 2 or 6 ppm
(n=4)

« Cynomolgus Macaque
* Tissues (to date)
— Nasal turbinates

— Femoral Bone Marrow

— Brain

— Lung
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Adduct Numbers in Primate Nasal
Maxilloturinbates

1.9 ppm 0.25 +0.04 2.49 + 0.39

6.1 ppm 0.41+0.05 2.05 + 0.53

n=3ord
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Adduct Numbers in Primate Bone
Marrow

1.9 ppm nd 17.48 = 2.61

6.1 ppm nd 12.45 £ 3.63

n=4
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Recent Improvements in Methodology
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N?-Methyl-dG Adducts in Rat Nasal Epithelium
Following 2 ppm Exposure for up to 28 days (6 hr/day)

7 day
14 day

21 day
28 day

28 day + 6 hr
28 day + 24 hr

28day + 72 hr
28 day + 168 hr

035+ 0.17
084 +017

0.95+0.11
1.07 £ 0.16

0.85+0.38
0.83 + 0.61

0.64+014
0.76 £ 0.19

251+ 063
3.09 + 0.98

3.34 + 1.06
282+0.76

2.61+0.55
287 +0.65

295 L0 71
269045
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Time to Steady-State for [13CD,]-HO-CH2-
dG Adducts in Nasal Epithelium

A in{Adducts) = -5.620 + {0.04139 + 5620} * [1-exp{-0.2236 * x}}
R = 0.7701
Time to reach steady state is approximately 28 days
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Time (Days)

ED_014350_00000293-00017



N2-Methyl-dG Adduct Numbers in Rat Bone Marrow
Following 2 ppm Exposure for up to 28 days (6 hr/day)

7 day nd

14 day Nd

21 day nd

28 day nde

28 day + 6 hr nd
28 day + 24 hr nd
28day + 72 hr nd
28 day + 168 hr nd

€ One bone marrow DNA had 0.34 /107 dG exogenous N2-HOMe-dG adducts in one bone marrow sample.

3.37 % 1.56
272 +1.36

244 £ 0.96
4.06 + 3.37

241114
467 =184

5654 0.76
278194

531 oy

oo
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N2-Methyl-dG Adduct Numbers in Rat WBC Following
2 ppm Exposure for up to 28 days (6 hr/day)

7 day nd 4.91+3.71 4
14 day nd 3.01+054 4
21 day nd 3.53+0.72 4
28 day nd 3.53+0.72 4
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Studies on Potential Artifact for Endogenous N2-HOMe-dG Adducts

* The EPA asked us to rule out potential artifacts in our DNA isolation, reduction and
hydrolysis. The amine group in Tris somehow interferes with DNA or nucleosides, and
then forms N2-HOMe-dG and artificially increases the detected amounts of endogenous
DNA adducts.

* To address these issues, we compared 3 different batches of TriseHC! buffer (BioXtra,
BioUltra, BioPerformance) at the same concentration. Use of BioPerformance resulted in
10-fold greater numbers of N>-HOMe-dG, but sodium phosphate buffer (BioXtra) had a
peak area that was 100-fold lower than TriseHCl buffer (BioPerformance). This was equal
to approximately 35 amol N>-Me-dG on column or 1.5 adducts/10° dG in 50 ug DNA,
which was more than 180-fold lower than the average endogenous amounts of N2-Me-
dG in all tissues (2.71 * 1.23 adducts/107 dG, n=205).

*  The potential interferences present when sodium phosphate buffer was used were
minimal, with less than 0.56% of the average endogenous amounts of N2-Me-dG in all
tissues.

* The average endogenous amount of N2-HOMe-dG in all exposed tissues (n=397) was
2.82 +1.36 adducts/107 dG; and the average endogenous amount of N2-HOMe-dG in all
exposed tissues in the current 28 day study (n=158) was 2.78 *+ 1.30 adducts/107 dG;
while the average endogenous amount of N2-HOMe-dG in all control tissues (n=47) was
2.47 +0.92 adducts/107 dG. These are not significantly different. Thus, it is clear that
formaldehyde exposure does not increase endogenous N>-HOMe-dG.
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Spontaneous Hydrolysis of Formaldehyde

DPCs Forms HO-CH,-dG Adducts
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New Research Studies

Epigenetic effects of inhaled formaldeyhde.
— EHP paper for epigenetic studies in monkey maxilloturbinate.

— 1 and 4 week exposures to 2 ppm formaldehyde and 1 week post exposure show
changes in nasal tissue and WBC, but no changes in bone marrow. Different MiRNAs in
different tissues and at different times.

Development of hemoglobin adduct methods and data.
— Ospina et al method was set up.
= Exogenous adducts not found in exposed rat blood
¢ Endogenous adducts are found
Endogenous vs Exogenous Né-formyllysine formation and hydrolysis.
— Collaboration with MIT
— Exogenous protein adducts only found in nasal epithelium and trachea
Development of DNA-Protein Cross-link analysis
— Spontaneous hydrolysis generates HO-CH,-dG adducts
Rat and primate comparisons of DPC and adducts vs IRIS human estimates.
Additional rat and primate studies will examine ROS induced DNA adducts,

formation of endogenous and exogenous DPCs, cytokine effects on
epigenetic alterations, globin adducts and Né-formyllysine.
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Nonhuman Primate Project

Cynomolgus macaques were exposed to 0, 2, or
6 ppm 3CD, formaldehyde for 6 h/day for 2 days

RNA samples were collected from the
maxilloturbinate and hybridized to miRNA
microarrays to compare genome-wide miRNA
expression profiles of formaldehyde-exposed
versus unexposed samples.

13 MicroRNAs had altered expression.

Inhibition of apoptosis genes was predicted and
demonstrated (Rager et al., 2013, EHP).
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MiRNA Expression Profiles were Disrupted in the Rat Nose and
WBC, but not the BM

7-Day {Nose)
28-Day (Nose)
28-Day + Recovery {(Nose) -

7-Day (WBC)
28-Day (WBC)
28-Day + Recovery (WBC)

7-Day (BM}~ 0
28-Day (BM)+ 0
28-Day + Recovery (BM}- 0

O 10 20 30 40 50 60 70 80 90
Number of Formaldehyde-Responsive miRNAs

Increased Expression
23 Decreased Expression
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Formaldehyde leads to For M@m of Labeled
formyliysine in Nasal Tissue
o]
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Endogenous and Exogenous N°-formyllysine Following a
6hr 9 ppm [3CD,]-Formaldehyde Exposure

Né-Formylation per 10° Lys

Tissue Nasal Epithelium Lung Liver Bone Marrow
Adduct type Endo Exog Endo Exog Endo Exog Endo Exog
Total Protein 2+0.1 09401 [|3+04 ND 3+£05 ND 44+0.1 ND
Cytoplasmic 2+04 | 0.8+01 |4+06 ND 4+0.1 ND 3+0.3 ND
Membrane 2+0.4 0702 |3+04 ND 3+0.2 ND 2+0.3 ND
Soluble 2410 | 05+02 |4+03| ND | 4+07 | ND |2£02| ND
nuclear
Chromatin

2+04 | 0.2+001 |3+£0.2 ND 3+£03 ND 2+0.1 ND
bound

Edrissi et al., Chemical Research in Toxicology: DOI: 10.1021/tx400320u, October 2013.
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2 ppm 28 day Rat Study: % Exog/Endo N8-Formyllysine

28d+ | 28d+ | 28d+ | 28d+
Exposure 7d | 14d | 21d | 28d | oy ooct |24 h post | 72 h post | 7 d post
Nasal 198+ | 221+ 1248+ | 3656+ 22.8 & 12.8 £ 13.2 & 59110
Epithelium 7.1 127 | 14.6 15 12.2 4.8 6.2 oE

16+ 1.2+ 1.7+ 1.4 =&

Trachea 05 0.1 0.9 0.2 1.1+£01 [ 1.2+03 1 1.1+£03 | 0.8+0.3
Lung <07 | <07 | <07 | <07 | <07 <07 <07 <07
Liver <07 | <07 | <07 | <07 | <07 <07 <07 <07
Bone <07 | <07 | <07 | <07 | <07 <07 <0.7 <07
Marrow

Exogenous adducts were only detected in nasal epithelium and to a small

extend in trachea

*  The exogenous adducts in distant tissues of lung, liver, and bone marrow did not
increase beyond the natural isotope abundance level of ~0.7% for [M+2] ion of
Né-formyllysine

Only nasal epithelium showed adduct accumulation over a 3-week period
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Conclusions

We have developed a series of highly specific and ultrasensitive
methods that comprehensively demonstrate that inhaled formaldehyde
does not reach distant tissues of rats and nonhuman primates.

These methods utilize ["*CD,]-formaldehyde for the exposures so that
both endogenous and exogenous DNA, globin and Né-formyllysine
adducts can be distinguished and quantitated.

The assays were conducted in two independent laboratories and have
confirmed that ['*CD,]-formaldehyde does not reach distant tissues
such as blood and bone marrow.

This research raises serious issues regarding the plausibility that
inhaled formaldehyde causes leukemia. It seriously challenges the
epidemiologic studies in several ways, including accurate exposure
assessment, confounders and a lack of consistency across human and
animal evaluations of carcinogenesis.
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Linearized Multistage Model
for Cancer Risk Assessment

e The LMS model has been the default model
for the EPA since 1986.

* |tis highly public health conservative.

* Dr. Kenny Crump, the originator of the LMS
model, has stated that this model

— incorporates no biology, and

— will over estimate cancer risks by several orders
of magnitude if nonlinear data are known
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Acute leukaemia in Aldh2~~ Fancd2~"~ mice.

RERDINL L sy

Brndogendus FLogenaus

-

F Langevin ef al. Nature 475, 53-58 (2011) doi:10.1038/nature10192

nature
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Mormalized Exogencus Adduct Concentration as Predicted
with & First Order One Compartment Binetic Muodel
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Cancer

Background
Risk Py

Bottom-Up
Slope Py/Cq®

at 2 ppm

Bottom-Up
Risk at 1 ppm

b

USEPA
Risk at 1 ppm

MNPC

7.25x 107

344 x 107

221018

0.038 x 107

1.1 %107

130 %107

8.50 x 10

< 0.00912

57 x 107
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Methanol (Noncancer) Assessment:
Accounting for Background Blood Levels

Jeffrey S. Gift and Paul M. Schlosser
National Center for Environmental Assessment
November 17, 2013

Disclaimer: The views expressed in this paper are those of the authors and do not
necessarily represent the views or policies of the U.S. Environmental Protection Agency.

[DateTime] 50
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Date Event
1988 Original IRIS posting

Result
RfD for ¥ brain wt. in 90-d oral rat study

2003 EPA Scoping meetings

Sufficient rodent inhalation biocassays; Insufficient
human studies; Need rodent/monkey/human PBPK
models; Focus on developmental risk from
exogenous exposures

2006 PBPK models developed

Predict internal doses from exogenous exposures

2006- Agency and Interagency

Should PBPK models include a background term?

Reviews Should EPA base RfD/C on exogenous exposures?
2011 Public and External Background term added o models. RD T 5-fold:
Reviews RfC | 10-fold. RfD/C based on exogenous exp., but

relationship to background blood levels discussed.

2013 Public and Follow-up EPR

Endogenous background methanol blood level
assumption clarified.

51
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* Critical effects

« Appropriate moiety and internal dose metric for
analyzing the critical effects

* Lowest internal dose increase over endogenous
background associated with a risk that can be reliably
estimated (PBPK/BMD analysis)

* Internal dose increase that is not likely to cause an
appreciable health risk (Uncertainty Factors)

 Derivation of RfD/C from internal dose (human PBPK)

* Relation of RfD/C to endogenous background

52
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Human adults:  Acute exposures: death; vision/CNS; slight neuro
& immune effects

Monkey neonates: Uncertain dose-response: short gestation, VDR
Monkey adults: Limited study: liver, heart, renal & brain effects

Rodent fetuses: High quality studies in mice: exira cervical ribs,
cleft palate, exencephaly, reduced fetal wt & pup
survival, ossification delay

Hodent neonaies: Extensive studies with limited documentation:
reduced weight of brain, pituitary, and thymus

Rodent adults: Well documented rat and mouse studies,
marginal effects

53
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Fossible MOAs: Methanol, formaldehyde, formate, ROS

Key considerations:

«  Methanol - metabolized to formaldehyde at multiple organ sites
« Formaldehyde — reactivity limits transport as free formaldehyde
* Formate - blood levels not correlated with developmental toxicity
* ROS - conflicting evidence; induced by methanol

EHA assumplions:
«  PBPK models accounts for species metabolic differences
«  PBPK model of parent methanol adequate for critical effects

« All MOAs require methanol to be present at the target site

54
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For BMD analysis, the dose metric should be as closely

related to the health effect under consideration as possible

Mouse cervical rib - Peak (C,,,) methanol in blood (mg/L)

+ Exposure magnitude more important than duration

« Short gestational window of susceptibility (GD 7-8)
« Improves dose-response model fit
Rat brain weight - AUC methanol in blood (mg-hr/L)

« Duration is a factor in developmental and subchronic studies

+ Effect increases with duration (e.g., gestational + neonatal > gestational)

» Effect observed following 90 day subchronic exposure

+ Improves dose-response model fit
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GD6 blood levels (C
Rogers et al. (1993) Mouse Study

max Over background); inhalation exposure

Exposure (ppm) C_.. -C, (mg/L)? Cervical Rib/Litter (%)

0 0 28
1,000 61.4 33.6
2,000 485.4 49.6
5,000 2,124.4 74.4

aReported C, ., background levels of 1.6 mg/L were subtracted
from reported C,, values.
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Simulated C_,, and AUC over Background; 22 h/day inhalation

NEDO (1987)

developmental study of Sprague-Dawley rats

é‘ peXats) Y
Exposure Crax Crax — Cig AUC (C- Gy
concentration (ppm) (mg/L) (mg/L) (mg-hr/L)
500 28.7 25.7 247
1,000 118 115 2,319
2,000 783 780 17,500
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Analyzing Increase Over Background vs Critical Effects
BMD Modeling Results

Rogers et al. (1993b) NEDO (1987) rat
mouse inhalation inhalation
developmental study developmental study

5% increase in incidence | 1 SD reduction in brain
of extra cervical rib (C weight (AUC)

max)

BMDL = POD,

internal

43.1 mg/L 858 mg-hr/L
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Estimating the Internal Dose Above Background That
Would Not Cause Appreciable Health Risk

Rogers et al. (1993b)
mouse inhalation
developmental study

NEDO (1987) rat
inhalation
developmental study

5% increase in incidence

1 SD reduction in brain

of extra cervical rib (C,.,) weight (AUC)
BMDL = POD,,iormal 43.1 mg/L 858 mg-hr/L
POD, icina/ UFS* 0.43 mg/L 8.58 mg-hr/L

* UF, =3; UFy = 3; UF, = 10; UFg = 1; UF_ =1, product of all UFs = 100
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Human Oral Exposure Model Uncertainty at BMDL(HED)

50 -

45 . 43.1 mg/L BMDL(HED) ! .
. Bsimghkgd 132 mgikg-d_—F181 mgikg-d
35 - .

j o ’I’

'3130 E PR

E L - - ~-EPA Nonfinear Model

é 2 P ——Linear Model

O '_:‘/' ----- Highly Nonlinear Mods!

4%~ Model calibrated in this region

60 80 100 120 140 160 180 200
mg/kg-day

[DateTime] 60
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Ernstgard et al, {2005)

wd

o Control dats

# 100 ppan data

& 200 ppm data
e oapbred sirnualation
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e 200 ppmy mimulation

e
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Blood methanol (mg/L)
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o U X ¥ B 4%

Time {h}
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Human PBPK Model Assumptions

« Endogenous background = 2.54 mg/L
— Zero-order rate from stomach tuned to yield this level

» Metabolism assumed to be saturable
— Data were sufficient to identify a Km
— Slight nonlinearity in the range of interest

« Adult non-pregnant female
«Continuous inhalation exposure

- Idealized oral ingestion pattern (percents of daily dose):
—25% at 7 a.m., 10% at 10 a.m., 25% at 12 p.m., 10% at 3p.m.,
25% at 6 p.m., and 5% at 9 p.m.
— Simulations run to “periodicity”, then AUC and Cmax calculated
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Rogers et al. (15250)
mouse inhalation
developmental study

NEDO (1287) rat
inhalation
developmental study

5% increase in incidence of

1 SD reduction in brain

extra cervical rib (C. ) weight (AUC)

BMDL = POD, ... 43.1 mglL 858 mg-hriL

POD, .. /UFs 0.43 mg/L 8.58 mg-hriL
RfC (mg/m3)* 20.0 17.8
RfD (mg/kg/day)* 1.9 5.2

* Exposure predicted to yield a blood concentration equal to POD,,,./UFs
using the human PBPK with a background blood concentration of 2.5 mg/L.

63

ED_014350_00000293-00063



Six Human MeOH Studies With No Substantial Dietary Restrictions

Methanol (mg/L)
mean * SD?

Description of human subjects (Range) Reference

1709
12 adults who drank no alcohol for 24 hr (0.4-4.7) Batterman and Franzblau (1997)

1.8 + 0.7
12 adults who drank no alcohol for 24 hr Batterman et al. (1998)

(No range data)
3 males who ate a breakfast with no 1.82 + 1.21
aspartame-containing cereals and no juice 0.57-3.57
- ( ) Lee et al. (1992)
5 males who ate a breakfast with no aspartame 1.93 £ 0.93
and no juice (2nd experiment) (0.54-3.15)
35 adults - no alcohol for 1 wk, fasted 4 hrs 0.64 + 0.45 Sarkola & Eriksson (2001)
30 adults. No diet restrictions. Blood levels 1.256 £ 0.202
. . - Turner et al.(2006)
estimated from concentrations in breath. (0.45-1.7)
. - 2.62 = 1.33

18 males, fasted 3 hr, no cother diet restrictions (0.7-5.2) Woo et al. (2005)
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 Six studies that did not involve substantial dietary
restrictions were used to fit a lognormal distribution.

« Weighted by ability to represent U.S. population.

» Sarkola and Eriksson (2001) restricted alcohol consumption so
was given a 0.48 weight, commensurate with percent of U.S.
population that are not regular drinkers (CDC, 2011).

* Woo et al. (2005) used an Asian population that has variants of
the gene coding for alcohol dehydrogenase so was given a 0.036
weight, commensurate with the Asian fraction of the U.S.
population (SSDAN CensusScope, 2010).
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Sample Population Distribution

f H H i i i ¥ H ¥ H H H
Q.0 0.8 1.0 1.8 2.0 2.5 3.8 3.5 4.0 4.8 5.0 LR &0
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RfD/C is an exogenous exposure that adds to
endogenous background (metabolism + ordinary diet)

The U.K. estimates an upper bound of endogenous

methanol background of 23 mg/kg-day.

EPA PBPK model predicts 23 mg/kg-day would result in

methanol blood level of 2.54 mg/L

EPA assumes ~2.5 mg/L is upper end of endogenous

methanol background in blood
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Sample Population Distribution

~93%

Endogenous
Background
Blood Levels

f { i i i i ¥ H ¥ H H { H
0.0 IR 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.8 5.0 LR &0
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Highest methanol blood
level expected from
endogenous background +
RfD/C (UF=100) is ~3 mg

RfD_IJ: (UF=100)

H i H H H 4 i H f f l H
Q 1 2 3 4 & <] 7 8 2 14 ia 12 13 14 1%

[DateTime] mg Methanol/Liter Blood (mg/L) 69
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* AUF, of 1 lowers overall UF
from 100 to 30

» The highest methanol blood

level expected from endogenous

background + RfD/C (UF=30) is

~4 mg/L

RfD/¢ (UF=30)

H 1 H H H P H H f f l H H i
Q 1 2 3 4 & <] 7 8 2 14 ia 12 13 14 1%

mg Methanol/Liter Blood (mg/L) 70
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“The RfD (expressed in units of milligrams per
kilogram per day [mg/kg-day]) is defined as an
estimate (with uncertainty spanning perhaps an
order of magnitude) of a daily exposure to the
human population (including sensitive subgroups)

that is likely to be without an appreciable risk of

deleterious effects during a lifetime.”
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“In addition to identifying toxicity information that is
lacking, review of existing data may also suggest

that a lower reference value might result if additional
data were available.”

“If data from the available toxicology studies raise
suspicions of developmental toxicity and signal the
need for developmental data on specific organ
systems (e.g., detailed nervous system, immune
system, carcinogenesis, or endocrine system), then
the database factor should take into account...”
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RfD/¢ (UF=30)

J

1. Is there appreciable risk to a sensitive subgroup?

2. Do existing data suggest that “a lower reference
value might result if additional data were
available?”

3. Are there “suspicions of developmental toxicity”
that “signal the need for developmental data on
specific organ systems?”

T
Q

P

7 ¥ I g T g T g T T
4 & <] 7 8 2 14 ia 12 13 14 1%

mg Methanol/Liter Blood (mg/L) 73
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NEDO (1987)

Chronic
monkey study;
Minimal
fibrosis of
“responsive
stellate cells;”
possibly
astrocytes
(ERG 2009)

Burbacher et al. (2004)

Burbacher et al. (2004

RfD/¢ (UF=30) Pregnant monkeys; Pregnant monkeys;
Shortened pregnancy duration Delayed VDR; possible
J neurotoxicity
H i H i H f 1 H I H i {
0 1 2 3 4 5 8 7 8 3 19 1 12 4% 14 1B
mg Methanol/Liter Blood (mg/L) 74
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1. lIs there appreciable risk to a sensitive subgroup?

Uncertain
2. Do existing data suggest that “a lower reference
gﬁg?ﬂ:gw value might result if additional data were
H 33
monkey study: available?
Minimal Yes
fibrosis of

3. Are there “suspicions of developmental toxicity”

“responsive i

stellate cells;” that “signal the need for developmental data on
possibly specific organ systems?”

astrocytes ¥,
(ERG 2009) es

Burbacher et al. (2004) Burbacher et al. (2004)
RfD/¢ (UF=30) Pregnant monkeys; Pregnant monkeys;.
Shortened pregnancy duration Delayed VDR; possible

neurotoxicity

J

T T ; 7 I g T g T g T T
Q 1 4 & <] 7 8 2 14 ia 12 13 14 1%
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RfD_IJ: (UF=100)

NEDO (1987)

Chronic
monkey study;
Minimal
fibrosis of
“responsive
stellate cells;”
possibly
astrocytes
(ERG 2009)

A 3-fold UF; is needed for
EPA to be confident that the
RfD/C is “not likely to result in
appreciable risk to sensitive
subgroups”

Burbacher et al. (2004)
Pregnant monkeys;
Shortened pregnancy duration

Burbacher et al. (2004)

Pregnant monkeys;
Delayed VDR; possible

-

neurotoxicity

H 1 H
Q 1 2

3

4 5

mg Methanol/Liter Blood (mg/L) 76
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Critical effects: Developmental; extra cervical rib in mice, reduced brain
weight in rats

Molely: Parent methanol
Metric: Blood C,,, for cervical rib; Blood AUC for brain weight

FEPK/BMD analysia: Estimated BMDLs from blood C,,, and blood AUC
doses with endogenous background subtracted

Unoertainty Factors: UF, of 3 + UF, of 3 + UF, of 10 = 100; Applied to blood
POD to avoid extrapolating beyond human PBPK model calibration range

RIL/C derivation: From blood methanol POD/100 using human nonpregnant
PBPK model, assuming 2.5 mg/L endogenous background, saturable
metabolism, continuous inhalation and idealized oral ingestion pattern

Relation to endogenous background: RfD/C is an exogenous exposure that
adds to endogenous background (metabolism + ordinary diet)
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Hugh Barton (Pfizer, Inc.)

Lyle Burgoon (EPA/NCEA)

Vince Cogliano (EPA/IRIS)

Allen Davis (EPA/NCEA)

Lisa Lowe (ORISE)

Sheppard Martin (EPA/NHEERL)
Torka Poet (Battelle, Pacific Northwest)
Reeder Sams (EPA/NCEA)

Cheryl Scott (EPA/NCEA)

Kan Shao (ORISE)

Justin TeeGuarden (Battelle, Pacific Northwest)
John Vandenberg (EPA/NCEA)

Paul White (EPA/NCEA)
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Primates Rodents

CHYOH E
“, {Muthanol) /
Aleohol dehivdrogenase i Catakase (CATD
{ADHLD ., and ADHT
“n,
L { HCHO N
{Formaidelvde)
l{ + (58}
HMGSH
- {hy ﬁmnmethua(ﬁfﬂ
Fovmatdehyde dehiydrogenase Farmabivhyde dehvdrogenase
{ADHY <, {ADHD)
iw { {S-formyt glutathione) } \"i\]
S-fermylglutatidone fydrokuse ,;,( ~ €25} <§s«formyighxtmhizmﬁ hydeiiase

4

;«., { POGO (Formate) }
k : / UA peraside and

¥ e m’; Fajate-duperskent pattoway

{ser Figary ’*»2) > {see Fignre 323
L { €O (Carbon dioside ]\

Fiodstosb . 3.

79

ED_014350_00000293-00079



Exposure Concontration

1.
2-4. Skeistal/Reproductive 7. Cognitive deficits 10. Testosterone levels

5.

{inhatation, ppmj

Liow Dose T High Dose A NOAEL W LOAEL

448 Gantadion D

3-55 G 4 FHD

6N Bews

KRR Gaps

Shewkey
0088 |
N
150
W0
i 4

Mouse
e,

2
Erd

Rap

Honkey

Meouze

Rat

.

Shortened gestation

Pup weight

12. Thyroid follicles

6. Pup brain weight 8. CNS, CWM edema 13. Liver-fibrosis
Brain-Stellate cells

14-15. Minor effects
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